It is very difficult to regenerate the damaged kidney, though growing numbers of patients are suffering from renal failure. To gain insights on kidney regeneration, we have been studying how the kidney is formed during embryogenesis, and would like to propose the exinstence of stem cells in the embryonic kidney. The metanephros, a kidney in the adult mammals, is formed by a reciprocally inductive interaction between two precursor tissues, the metanephric mesenchyme and the ureteric bud. The ureteric bud induces the metanephric mesenchyme to differentiate into the epithelia of glomeruli and renal tubules.
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SALL1 is a mammalian homolog of the Drosophila region-specific homeotic gene spalt (sal) and heterozygous mutations in SALL1 in humans lead to Townes-Brocks syndrome. We isolated a mouse homolog of SALL1 (Sall1) and found that mice deficient in Sall1 die in the perinatal period and that kidney agenesis or severe dysgenesis are present. Sall1 is expressed in the metanephric mesenchyme surrounding ureteric bud and homozygous deletion of Sall1 results in an incomplete ureteric bud outgrowth. Therefore Sall1 is essential for the initial key step for metanephros development.
We also set up an in vitro culture system of the metanephric mesenchyme using NIH3T3 cells stably expressing Wnt4 as a feeder layer. In this culture condition, a single renal progenitor in the mesenchyme forms colonies consisting of several types of epithelial cells that exist in glomeruli and renal tubules. We found that only cells strongly expressing Sall1 (Sall1-GFP high cells) form colonies, and that they reconstitute a three-dimensional kidney structure in an organ culture setting. Thus multipotent renal progenitors that form colonies upon Wnt4 stimulation, and which strongly express Sall1, exist in the metanephric mesenchyme. Other groups show that Six2 maintains this mesenchymal progenitor population by opposing Wnt4-mediated epithelialization and that Notch2 is required for subsequent differentiation toward proximal nephron structures (podocyte and proximal tubules). If derivation of metanephric mesenchyme becomes possible, we will be closer to the generation and manipulation of multiple cell lineages in the kidney.
